Abstract. A great increase of the ionizing radiation during solar flares results in an immediate increase of the ionization production rate, electron densities and electric currents in the ionosphere, followed simultaneously by disturbances of the magnetic elements at ground level (solar flare effects (sfe)). In this paper an attempt is made to model sfe phenomena combining several semiempirical models derived from satellite and radar data obtained during the last two decades. The model allows us to quantify model values of the phase difference between the sfe and Sq vectors, for comparison to the measurable quantity. It explains the cause of the change in magnetic perturbation during a flare at Ebre Observatory (40.8 ø latitude N, 0.5 ø longitude E). Large phase shift of the magnetic vector observed before noon, result from a descent of the "center of gravity" of the conducting mass that, combined with a very different regime of neutral winds in the lower and in the middle parts of the dynamo region, produce a change in the direction of the integrated currents.
Introduction
A sudden increase of the solar radiation intensity as well as a change of the XUV radiation spectrum structure during a flare causes drastic changes of all photochemical processes in the ionosphere. These changes result in a variation of the geomagnetic field, the solar flare effect (sfe). The sfe have been the object of many studies since 1859, the year of its discovery by Carrington [Nagata, 1966] .
in the past, attempts to model sfe used theoretical parameters due to the lack of direct observations [Ohshio, 1964; GreenfieM and Venkateswaran, 1968; Richmond and Venkateswaran, 1971] . At Ebre a long series of 33 years of magnetic solar flare effects have been analyzed by Curto et al. [1994] . These authors studied the time variations of the sfe and $r vectors (Sr is the daily magnetic regular variation observed during a given day [Mayaud, 1965] , while Sq would be the mean of Sr on magnetic quiet days; sfe is the magnetic perturbation induced by a solar flare). They found a local time dependence of the angle difference between the sfe and $r vectors, hereaRer called phase difference. Reversed sfe (sfe with phase difference greater than 90 ø) concentrate between 1000 and 1200 LT and have a dominant equinoctial character. Curto et al. [1994] studied the global sfe and $r equivalent current systems. In the northern hemisphere the sfe system was about 1 hour in 1Observatori de l'Ebre, Roquetes, Spain. Ampere's law 
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The total current density is obtained by integration over the layer between 80 and 160 km (boundaries of the dynamo region), using the Gauss calculation. From Saint-Santin measurements it was only possible to compute perpendicular currents (Jxi, J¾•). However, they enable us to estimate horizontal currents according to certain hypothesis [Mazaudier, 1982] : (1) 
The differential currents at each height, calculated for the different flare classes at 1100 LT, can be see in Figure 7 . At all heights there is an increase of the current intensities related with the importance of the flare. The increase is bigger in the lower zones than in the higher ones. This is equivalent the "center of gravity" of the currents moving down. If a flare occurs around 1100 LT, the resulting ionospheric electric current under the zenith of Ebre will turn in the sense of the lower current elements, that is to say, toward south-southeast. Therefore the magnetic vector and the focus will shiR towards east-northeast.
Magnetic Field Variations and Comparisons
Ampere's law applied to a thin sheet "connect" the ionospheric current density J to the induced magnetic variations at ground level, AB, through the following expression [Veldkamp and Van Sabben, 1960 nanoteslas and f is a factor representing the fraction of magnetic variation produced by ionospheric currents; the remaining variation is produced by induced ground currents. The f factor ranges from f= 1 (for a nonconducting Earth) to f=l/2 (for an infinitely conducting earth [Kamide and Brekke, 1975] . In a non still published study, we performed an Harmonic Analysis on Sq in our geographic area. We found that f=0.6 was dominant. This value is Experimental data were collected from 40 sfe events observed at Ebre Observatory which occurred at equinox in magnetic quiet days [Curto' et al., 1994] . They reflect the high day-to-day variability in E fields and neutral winds. So, only comparisons of mean behaviour could be attempted. High dispersion at 0900 could be explain by the scarcity of observations at this hour together with the existence of twilight counterloops [Curto et al., 1994] . Except at 1200, the magnitude of the model and observed data are in reasonable agreement. The agreement is especially good between 1000 and 1100 LT (zone of maximum probability of reversed sfe appearance).
Conclusions
This physical, integrated model reproduces the main characteristics of the sfe at Ebre and allows us to give an explanation of the reversed sfe occurrence. A reversed sfe scenario could be the following:
1. Electromagnetic radiation delivered during flare time, in comparison with the regular radiation (responsible of Sq), is comparatively more rich in "short wavelengths" (soft X rays) than in "long wavelengths" (extreme ultraviolet); 2. In the X ray band the ionization efficiency of the radiation increases with decreasing wavelengths (penetrates deeper). Flares ionize zones of lower altitude than regular radiation does. The center of gravity of the conducting mass descends provoking the same effect in the conductivity distribution; 3. The neutral winds, motor of the ions in the dynamo region, have a velocity profile variable in altitude. In the dynamo region exists a clear difference between the winds in the middle of the region (120-130 km) and these in the lower part (90-100 km). This difference has its maximum between 1000 and 1100 LT reaching then close to a phase opposition; 4. During a solar flare the extra radiation strongly modifies the current density at the lower level of the dynamo layer. This, combined with the wind action, produces a change in the direction of the integrated current density. Therefore the sfe equivalent current system appears turned compared to the Sq current system. This rotation is maximum before noon when the wind phase difference is maximum. This study shows the consistency of the various models with the observed sfe at Ebre. However, more data would be necessary to make a definitive test of the model. An improvement of this work would be to extend the model for the more general case of a variable electric field. This would involve to model the dynamo mechanisms at global scale.
Variations in the ionospheric

